Abstract. The enzyme orotate phosphoribosyl transferase (OPRT) is involved in the metabolism of the anticancer drug 5-fluorouracil (5-FU), and is a key enzyme for conversion of 5-FU to its active form in tumor tissue. Little is known regarding the significance of OPRT in human pancreatic cancer. The present study was designed to assess the association between the activity of OPRT in the tumor, and the clinicopathological status and prognosis of human resectable pancreatic cancer, especially regarding its relevance to the efficacy of adjuvant chemotherapy with uracil and tegafur (UFT), cyclophosphamide (CPA) and/or gemcitabine (GEM). The present study included 99 resectable pancreatic cancers, which were all invasive ductal tubular carcinomas. OPRT was immunostained with a rabbit anti-human OPRT polyclonal antibody. OPRT was positively stained in 54 (54.5%) of 99 pancreatic cancers. The post-surgical survival rate of the OPRT (+) pancreatic cancers was significantly higher than that of the OPRT (-) ones. In the OPRT (+) group, the survival rate of the patients, who received adjuvant chemotherapy (ACT) with UFT, CPA or GEM, was significantly higher than that of the patients without ACT; however, in the OPRT (-) group, there was no difference in the survival between the ACT (+) and (-) groups. Multivariate analyses demonstrated that for all patients, primary tumor, status of nodal involvement (pN), residual tumor, level of dissection and CPA were significant variables for the prognosis: in OPRT (+) groups, primary tumor, nodal involvement, GEM and CPA were significant variables. In contrast, in the OPRT (-) group, pN was the only significant variable. The present study is the first report on the significance of OPRT in human pancreatic cancer, and the results indicate that the expression of OPRT may be useful to predict the response to adjuvant chemotherapy in human pancreatic cancer.
Introduction

5-Fluorouracil (5-FU)
, an antitumor agent, is used clinically against a variety of malignancies. Orotate phosphoribosyl transferase (OPRT) is involved in the metabolism of the anticancer drug 5-fluorouracil (5-FU). 5-FU is a prodrug, and OPRT is the principal enzyme that converts 5-FU directly into an active antitumor metabolite, 5-fluoro-2'-deoxyuridine 5'-monophosphate. Accordingly, a high level of OPRT activity in tumors is thought to be a predictor of the 5-FU-sensitivity of the tumor. This has been supported by reports indicating that the expression of the OPRT gene was useful as a predictive parameter for the efficacy of fluoropyrimidine-based chemotherapy for various malignancies such as colorectal cancer (1, 2) and gastric cancer (3) .
On the other hand, OPRT is the key enzyme in the de novo DNA and RNA synthetic process, which suggests that OPRT may reflect the clinicopathological background of malignant diseases. In fact, it was reported that OPRT activity in primary lesion was a powerful predictor of nodal involvement in resectable gastric cancer (4) . Furthermore, the OPRT mRNA levels were significantly higher in liver metastases than in primary colorectal cancer (5) . In urologic malignancies, OPRT activity levels were correlated positively with the stage and grade of bladder and renal carcinomas (6, 7) . In prostatic cancer, the OPRT expression level was significantly higher in carcinoma samples than in benign prostatic hypertrophy (8) .
Thus, the significance of OPRT in various malignancies has been gradually clarified, although, to the authors' knowledge, little is known regarding the significance of OPRT in human pancreatic cancer. The present study was designed to assess the association between the activity of OPRT in tumors, and the clinicopathological status and prognosis of human ONCOLOGY REPORTS 18: 59-64, 2007 59 Expression of orotate phosphoribosyl transferase in human pancreatic cancer: Implication for the efficacy of uracil and tegafur-based adjuvant chemotherapy resectable pancreatic cancer, especially regarding its relevance to the efficacy of adjuvant chemotherapy with uracil and tegafur (UFT), cyclophosphamide (CPA) and/or gemcitabine (GEM). Here, we used immunohistochemical staining to evaluate the protein expression, because recently an anti-OPRT antibody has been developed (9) . The immunohistochemical detection of tumoral OPRT protein expression may be useful for predicting the clinical response to 5-FU-based chemotherapy. To our knowledge, this is the first report evaluating the significance of OPRT in human pancreatic cancer.
Materials and methods
Patients. We obtained informed consent for this study on the genetic and histopathological background of the patients from the patients or their families according to the recommendation by the ethics committee of our department in 1999. Ninety-nine patients (50 females and 49 males; 35-80 years old; mean 65.3 years) with pancreatic cancer underwent pancreatectomies between 1982 and 2005 at the First Department of Surgery, Shimane University School of Medicine. The present study included only invasive ductal carcinomas, but did not include mucinous cystic adenocarcinomas or intraductal papillary mucinous neoplasms with adenocarcinoma, because they have a better prognosis than invasive ductal carcinomas. The patients' profiles are summarized in Table I . A standard or pylorus-preserving pancreatoduodenectomy was performed in 40 patients, a distal pancreatectomy in 45, and a total pancreatectomy in 14 patients. The tumors were staged according to the UICC classification (TNM classification) Table I . OPRT expression and clinicopathologic characteristics. 
a PD, pancreatico-duodenectomy; PPPD, pylorus-preserving PD; DP, distal pancreatectomy; TP, total pancreatectomy; b NS, not significant.
. Histopathologically, all specimens were verified to be IDCs of the pancreas. None of the patients received any type of treatment prior to their surgical procedures. After surgery, some patients were treated with adjuvant chemotherapy (ACT) and/or radiotherapy (RT), and were followed-up. All patients were followed-up in our department, and the survival of the patients was surveyed on October 1st, 2005. The post-operative survival was defined as the time that elapsed from the surgery to a cancer-related death.
Adjuvant chemotherapy (ACT).
Of the 99 patients, 31 received surgery alone (SA), 63 received ACT and 5 received both ACT and RT. In Japan, under the universal health insurance system, the Japanese Ministry of Health, Labor and Welfare strictly regulates the use of anticancer agents. Accordingly, the ACT typically involves only approved agents. In our department, we have no standard regimen for ACT to treat pancreatic cancer, because there is no evidence supporting the survival benefits of adjuvant therapy for pancreatic cancer at present. Accordingly, the use of ACT was decided by the respective doctors with the informed consent of the patients and/or their families. Sixty-seven patients received ACT after surgery, and most patients were given 5-FU or its derivative UFT, alone (n=25) or with CPA (n=31), and some received intensive regimens including GEM (n=8), adriamycin and cisplatin (n=4). Five patients in the ACT group also received adjuvant RT using LINAC (ML-15MDX, 10MVX, Mitsubishi Electric Co. Ltd., Tokyo, Japan) at 50 Gy (2 Gy x 25) after surgery.
Antibody. The anti-OPRT rabbit polyclonal antibody (pAb) was supplied by Taiho Pharmaceutical Co. Ltd., Tokushima, Japan. It was reported that the protein level of OPRT measured by immunoblotting using this pAb closely correlated with the enzyme activity (9) . This pAb was diluted to 1:500 for immunostaining (11) .
Immunohistochemistry. The specimens were immunostained primarily according to the labeled polymer method using Dako EnVision+™, Peroxidase, Rabbit kit (Dako Corp., Carpinteria, CA, USA), which is a goat anti-rabbit immunoglobulin conjugated to a peroxidase labeled-dextran polymer. Formalinfixed, paraffin-embedded specimens were cut into 4-μm sections and floated briefly on warm water for paraffin section stretching. The temperature of warm water is strictly applied below 45˚C for preserving the antigenicity in paraffin sections (11) . Finally, the sections were mounted on silanized glass slides (S3003 Dako) and dried in an oven at 60˚C for several hours. The sections were deparaffinized using a routine procedure. Endogenous peroxidase activity was blocked by treatment with 3% hydrogen peroxide for 15 min. The specimens were incubated with the primary Ab for 1 h at room temperature, and then rinsed three times in phosphate-buffered saline (PBS). The specimens were incubated with EnVision+, Peroxidase, Rabbit at room temperature for 30 min, and then rinsed three times in PBS. Finally, the specimens were treated with a 0.05% 3,3'-diaminobenzidine solution for 10 min at room temperature. Nuclei were counterstained with Mayer's hematoxylin.
Evaluation of immunostaining.
The immunostaining was considered positive for OPRT only when cytoplasmic immunoreactivity in tumor cells was diffusely observed. Those cases with only faint immunostaining were regarded as negative. model was used to obtain the conditional risk of death due to IDC of the pancreas. Statistically significant differences were defined at p<0.05. Fig. 1 . The OPRT was stained in the cytoplasm of the cells. OPRT was positively stained in 54 (54.5%) of 99 pancreatic cancers (Table I ). The expression of OPRT did not correlate with any clinicopathological factors for pancreatic cancer, such as age, gender, stage or histological grade (Table I ). The postsurgical survival rate of the patients with OPRT (+) pancreatic cancer was higher than that of those with OPRT (-) pancreatic cancer (p=0.0312) (Fig. 2) . The ACT with UFT, CPA or GEM was effective to improve the survival after surgery, and the survival curve of the ACT group was significantly higher than that of the ACT (-) group (p=0.0027) (Fig. 3) . The OPRT expression was found to have a significant effect on the efficacy of the ACT, and in the OPRT (+) group, the survival rate of the patients, who received ACT, was significantly higher than that of the patients without ACT (p<0.0001) (Fig. 4A) . However, in the OPRT (-) group, there was no difference in the survival between the ACT (+) and (-) groups (Fig. 4B) . Since the present study was not a randomized controlled study, a multivariate analysis was applied to evaluate the significance of clinicopathological factors on the survival of the patients after surgery. Multivariate analyses demonstrated that in overall patients, the primary tumor (pT) (p=0.0145) and status of nodal involvement (pN) (p=0.0001) were significant variables increasing the risk to prognosis and residual tumor (p=0.0607) was a variable increasing the risk with borderline significance. In contrast, the level of dissection (p=0.0020) and CPA (p=0.0272) were significant variables decreasing the risk to prognosis and UFT (p=0.0985) was a variable decreasing the risk with borderline significance. However, GEM (p=0.0635) was a risk-increasing variable with borderline significance to the prognosis (Table II) . Subset analysis demonstrated that in OPRT (+) groups, pN (p=0.0008) and GEM (p=0.0110) were significant variables increasing the risk to prognosis, but CPA (p=0.0015) was a significant variable decreasing the risk, while UFT was a variable decreasing the risk with borderline significance. In contrast, in the OPRT (-) group, pN (0.0492) was the only significant variable and the level of dissection was a risk-decreasing variable with borderline significance (Table III) .
Results
A representative expression of OPRT is demonstrated in
Discussion
OPRT is one of the key enzymes involved in the metabolism of fluoropyrimidines, which converts 5-FU to its active form. Accordingly, OPRT activity in tumors is thought to reflect the efficacy of various fluoropyrimidines, as well as the prognosis of malignant diseases. In fact, recent reports demonstrated that OPRT is associated with the efficacy of fluoropyrimidine-based chemotherapy in various malignancies, such as colorectal, gastric and lung cancers. However, to our knowledge, there have been no reports on the role of OPRT in pancreatic cancer. Accordingly, the present study may be the first such report.
The present study used immunohistochemical methods to evaluate the protein expression of OPRT. This method is not a quantitative analysis, but is simple and easy and can evaluate the expression of OPRT in paraffin-embedded specimens. Therefore, immunohistochemical detection of tumoral OPRT protein expression with anti-OPRT pAb may provide a useful method for predicting the clinical response to 5-FU-based chemotherapy.
In the present study, the expression of OPRT was a beneficial predictor for UFT-based ACT, and in patients with OPRT (+) pancreatic cancer, the survival curve of the patients who received oral UFT-based ACT, was significantly higher than that of the surgery alone group. This result coincides with previous reports, and several reports indicated that expression of the OPRT gene was useful to predict the efficacy of fluoropyrimidine-based chemotherapy for various malignancies. In metastatic colorectal cancer, the mRNA expression of OPRT, which was measured using real-time quantitative RT-PCR assays of surgically resected materials from primary colorectal tumors, was very useful for predicting the effects of 5-FUbased hepatic artery injection chemotherapy for synchronous liver metastases in 22 patients (2) . It was also reported that in 37 patients with metastatic colorectal cancer, who received oral treatment of uracil and tegafur (UFT) and leucovorin, the patients with high OPRT gene expression survived longer than those with low OPRT expression, and the authors emphasized that both expression of the OPRT gene and the OPRT/DPD ratio might be useful as predictive parameters for the efficacy of fluoropyrimidine-based chemotherapy for metastatic colorectal cancer (1). In gastric cancer, it was reported that the combination expression of OPRT and TS in prechemotherapeutic fresh frozen samples obtained from ONCOLOGY REPORTS 18: 59-64, 2007 Table II. Multivariate analysis in overall patients. Table III . Multivariate analysis grouped by OPRT expression.
Risk ratio (95% confidence) P-value Risk ratio (95% confidence) ----------------------------------------------------------------------------------------------------- primary tumors might predict the response to S-1 in 59 metastatic gastric cancer patients as a first line treatment (3). In resectable non-small cell lung cancers, the 5-year survival rate of patients with OPRT (+) stage II-III tumors was significantly higher than that of those with OPRT (-) stage II-III tumors (12) .
The present study indicated that CPA was a significant variable to decrease risk, especially in OPRT (+) pancreatic cancers, and that CPA is linked to the efficacy of fluoropyrimidines or that the effects of CPA are affected by the OPRT. We previously demonstrated that UFT administration increased the level of DPD activity, but that CPA inhibited the DPD level, in breast cancer (13) . Accordingly, the present results suggest that CPA may affect the activities of DPD as well as various enzymes associated with 5-FU metabolism.
Another interesting result was that GEM was a significant variable increasing the risk to prognosis of OPRT (+) pancreatic cancer. In OPRT (-) pancreatic cancer, GEM is a variable of decreasing risk with no statistical significance (p=0.1679). GEM is also a pyrimidine-antagonist like 5-FU. Cytidine deaminase, 5'-nucleotidase, deoxycytidine kinase and MRP5 are thought to be related to the effects of GEM. Therefore, OPRT may not be associated with the efficacy of GEM, but it is not so surprising that OPRT expression is associated with expression of these GEM-associated enzymes. The present results suggest that OPRT (-) may be a useful predictor of response to GEM. However, in the present study only eight patients received GEM, and further study is necessary to reach a conclusive result.
Recently, a combination regimen with docetaxel and S-1 for advanced or recurrent gastric cancer was reported to result in a 56.2% objective response (14) , and they reported that this combination produced an increased level of OPRT activity and a decreased level of DPD, suggesting that biochemical modulation of the two drugs had occurred (15), Accordingly, biochemical modulation will be expanded from the viewpoint of OPRT augmentation as well as inhibition of TS and DPD.
Finally, there was an interesting report that OPRT Gly213Ala polymorphism seems to be a useful marker for predicting toxicity to bolus 5-FU chemotherapy (16) . It is well known that a DPD deficiency is associated with severe toxicity after the administration of 5-FU or its derivatives (17) . Accordingly, OPRT is more extensively studied with regard to its antitumor effects as well as toxicities of fluoropyrimidines.
These results suggest that the expression of OPRT may be a useful factor to predict the response to adjuvant chemotherapy in human pancreatic cancer.
